This study examined the physical and mechanical properties as well as the marine organism adhesion characteristics of the porous concrete that used recycled aggregate and specially treated granular fertilizer in order to present fundamental data for the effective use of recycled aggregates that were generated as byproducts of construction and for field application of the porous concrete used for the restoration of the marine ecosystem. The experimental results showed that the difference between the target void ratio and actually measured void ratio was app-1002 Buung-Jae Lee et al.
Introduction
Tremendous amounts of construction wastes are regularly being generated in construction sites due to the expansion of urban redevelopment projects and social infrastructures. According to the statistics provided by the Ministry of Environment(Korea) for the year 2013, 67 million tons of construction wastes were generated for that year alone. Of these, approximately 41 million tons were waste concrete [1] . In the past, waste concrete has been used mainly for subbase course material, reclamation material, pavement blocks, etc. However, more than 90% of waste concrete is simply utilized as road bed material due to the lack of recycling facilities and insufficient quality [2] [3] . Therefore, when considering the reality that Korea is lacking in the area of natural aggregate resources, the study for various uses of waste concrete as a substitute aggregate resource from the aspect of effective use of resources and environmental conservation becomes significant.
Korea is surrounded by water on 3 sides. Through the 1982 United Nations Convention on the Law of the Sea (UNCLOS) and "Agenda 21" of the 1992 United Nations Conference on Environment & Development (UNCED), the duty for the management and protection of the marine environment tends to be continuously reinforced in Korea as a coastal country that must observe "environmentally sound and sustainable development (ESSD)". However, the marine resources are being reduced through the loss of vast seaweed beds due to reckless development and marine environment pollution in domestic coastal seas. Therefore, the concerned authority is creating marine ranches by utilizing fish blocks, seaweed blocks, ecology blocks, etc. to restore the ecosystem of the damaged coastal seas and secure the fish resources, and it plans to install ecosystem restoration facilities continuously [4] [5] . However, since most existing seaweed bed restoration facilities are made of general concrete, the implantation and inhabitation of seaweed and shellfish is difficult due to its dense internal structure and slippery surface although it has excellent structural stability including strength and durability. Therefore, concerned researchers have come to pay attention to the development of porous concrete by using coarse aggregate with discontinuous granularity excluding fine aggregate to solve such problems [6] [7] [8] . The porous concrete has superior environmentally friendly functions including water and air permeation, provision of inhabitation space and water purification characteristics since it has a great many continuous voids formed inside of it as well as a vast specific surface area. On the other hand, it has problems such as insufficient standard mix design, decrease in strength and durability, and material segregation [9] . Therefore, there is an urgent demand for the development of porous concrete for marine ecosystem restoration that can solve these problems and improve the inhabitation capability of organisms.
Therefore, this study investigated and analyzed the physical and mechanical properties of the porous concrete by mix factors, which uses recycled aggregate and granular fertilizer whose surface is specially treated as well as its inhabitation capability in order to derive a method for the effective reuse of construction wastes and the field application of porous concrete for the marine ecosystem restoration.
Materials and testing methods
This study performed experiments using the experimental conditions and mix parameters indicated in Table 1 in order to investigate the physical and mechanical properties of the porous concrete as well as its marine organism adhesion characteristics according to the mixing ratio of the recycled aggregate, target void ratio and specially treated granular fertilizer. Here, the amount of admixture to be mixed was determined through the flow test performed in advance to secure constant fluidity of the cement paste. Materials. The cement used for this study is the blast furnace slag cement (blast furnace slag powder content: 30%, density: 3.02g/cm 3 , fineness: 4,091cm 2 /g) to reduce the alkali elution of the porous concrete.
For this study crushed aggregate and recycled aggregate of 5~13mm in size are used. Table 2 shows their physical properties.
In order to use industrial byproducts effectively and to increase the mechanical characteristics and durability of the porous concrete, super fine silica fume having density of 2.21g/cm 3 and fineness of 263,000cm 2 /g was used and its applied mixing ratio was 10%, which was proven to be appropriate according to an advance test.
Highly polymerized naphthalene sulphonate, Mighty-150 (product of a "K" company in Japan), which is a type of the super plasticizer that improves the concrete quality through cement distribution action, is used as an admixture.
For the early restoration of the seaweed bed area that was damaged by environmental pollution, etc., the nutrients necessary for the implantation and inhabitation of seaweed and others needs to be supplied smoothly. Therefore, this study used the granular fertilizer of nitrogen base and phosphorus base to improve the adhesion capability of the porous concrete for marine organisms by referring to the fertilization of terrestrial plants. However, since general granular fertilizer had low hardness, it was inappropriate to use it directly as the concrete material. Therefore, it was coated with cement paste by using the special grain forming machine for the prevention of the destruction of the fertilizer during mixing and for the continuous elution of nutrients. Table 3 show the physical properties of the granular fertilizer coated with cement paste, respectively. Test method. The experiment to determine void ratio was performed based on the "Porous concrete void ratio experiment method (draft) [10] " issued from the Japan Concrete Institute. The void ratio was calculated using the equation (1) . The porous concrete compressive strength experiment was performed based on the "Method of test for compressive strength of concrete" of KS F 2405 with a specimen of Ф100×200mm using a universal hydraulic testing device.
In order to examine the marine organism adhesion characteristics of the porous concrete that uses recycled aggregate and specially treated granular fertilizer, the panel type specimens (600×600×100mm) were made, and they were immersed at 3 places in the coastal area of Changsun Island in the southern coast. They were taken out after 6 months and the degree of marine plant adhesion to the specimen was measured by using the digital analyzer and image analysis program. In addition, the population of small marine animals was measured by collecting them attached to the specimens after 6 months from submersion.
Mix proportion and mixing. The mixing was performed according to the target void ratio and recycled aggregate mixing ratio to analyze the physical and mechanical properties and marine organism adhesion characteristics according to the mixing of the recycled aggregate. In addition, the mixing was performed by applying the divided mixing method as follows: the cement, aggregate and silica fume were put into the omni-mixer, which was used to improve the dispersion of cement paste, and dry mixing was carried out for 1 minute and then wet mixing was performed by adding the mixed water (water + admixture) for 270 seconds to give fluidity. Lastly, the specially treated granular fertilizer was fed followed by further mixing for 30 seconds. Preparation of test specimens. The specimens used for the experiment were made in the following manner referring to the "Report of the research committee related to the establishment of design and construction method for porous concrete" [10] of the Japan Concrete Institute: After mixing, half of each mold was filled with porous concrete and then each layer was compacted with the compactor of surface vibrator type.
Test Results and Discussion
Void ratio and compressive strength of the porous concrete according to recycled aggregate content and target void ratio. Figure 1 and 2 show the results of actually measured void ratio and compressive strength of the porous concrete according to the target void ratio and recycled aggregate mixing ratio.
It was found that for all target void ratios, the actually measured void ratio increased slightly as the recycled aggregate mixing ratio increased. Such tendency was thought to be caused by the difference in the particle shape, unit volume weight and ratio of absolute volume between the recycled aggregates and crushed stones. However, for all mix conditions, the actually measured void ratio differed from the void ratio that was aimed during mix design by approximately 2%. Therefore, the actual void ratio satisfied all target void ratios.
In the case of the compressive strength characteristics according to the target void ratio and recycled aggregate mixing ratio, for all mix parameters the compressive strength tended to decrease as the target void ratio increased. When the target void ratio was 25%, the strength reduction tendency was conspicuous. For the influence according to the use of the recycled aggregate, it was observed that the strength was reduced as the mixing ratio increased at equivalent void ratio. Particularly, when the mixing ratio of the recycled aggregate was 100%, the strength tended to be reduced rapidly by up to approximately 29%. The reason for this is thought to be that the bonding force between the aggregate and new cement paste was relatively reduced due to mortar attached on the surface of the recycled aggregate. However, when silica fume was mixed, the strength characteristics similar to the plain concrete could be seen up to 50% of the recycled aggregate mixing ratio. The reason for this is thought to be that the cement paste strength increased due to pozzolan reaction and the relative increase in the bonding material according to the difference in the density between cement and silica fume. Figure 3 shows the relative characteristics between the void ratio and compressive strength of the porous concrete according to the mixing ratio of the recycled aggregate. It can be seen that as the void ratio increased, the compressive strength was reduced by the function of y=33.676·e -0.0403x
, and the relativity was good with the coefficient of determination being 0.86. Marine organism adhesion characteristics of the porous concrete. Figure 4 indicates the degree of seaweed adhesion on the specimen immersed in the seawater for 6 months and its surface state. From this it was found that for all experiment conditions, the porous concrete showed superior seaweed adhesion capa-bility to general concrete by approximately 200~470%. The seaweed adhesion capability according to the target void ratio was improved as the void ratio increased. However, when the void ratio was more than 20%, the tendency of the adhesion capability increase slowed down slightly. This is slightly different from the result obtained when the porous concrete is applied as a growing base for terrestrial plants. In the case of a terrestrial plant, its root must penetrate into the soil for rooting in order to obtain the nutrients necessary for growth. Therefore, it is known that the vegetation ability is increased as the void ratio and void diameter rise [7, [11] [12] . However, in the case of a marine organism, since it grows by taking in the nutrients dissolved in the seawater, if a void structure is formed to an extent that it can take root on the growing base, it is thought that under the void condition above this the adhesion and growing ability are improved slightly. Since the seaweed adhesion characteristics according to the mixing of the specially treated granular fertilizer increased by approximately 9~21% compared to the plain porous concrete, it can be seen that the nutrients necessary for the rooting and growth of seaweed could be supplied smoothly by mixing the specially treated granular fertilizer. In addition, in the case of the influence by the use of the recycled aggregate, it was observed that the difference in the degree of seaweed adhesion according to the mixing ratio increase was insignificant for all void ratio conditions. Figure 5 demonstrates the degree of adhesion of small marine animals. It shows that the porous concrete has superior inhabitation capability for the small marine animals to general concrete. The reason for this is thought to be that in the case of general concrete, since its surface was smooth and its internal structure was dense, it was difficult for small marine animals to attach to or inhabit on it while in the case of the porous concrete, since a great number of voids were formed inside the concrete, it not only provided the inhabitation space for small marine animals but it also allowed them to attach to it easily since it had many depressions and prominences on its surface. In addition, for the influence by the target void ratio, generally the adhesion and inhabitation capability were improved as the void ratio increased. However, its tendency of improvement was less than in the case of marine plants. Even the evaluation of the generative power of small marine animals showed that the recycled aggregate had little influence on it. 
Conclusions
This study investigated the physical and mechanical properties as well as the marine organism adhesion characteristics of the porous concrete that used recycled aggregate and specially treated granular fertilizer, and obtained the following conclusions.
(1) As for the physical and mechanical properties of the porous concrete that used recycled aggregate, in the case of actually measured void ratio, it rose slightly as the mixing ratio of the recycled aggregate increased. However, the actually measured void ratio differed from the void ratio aimed during mix design by approximately 2.0%. Therefore, the actual measured void ratio satisfied the target void ratio. The compressive strength was reduced as the target void ratio and recycled aggregate mixing ratio increased. Particularly, the compressive strength showed a conspicuous reduction tendency when the target void ratio was 25% and the recycled aggregate mixing ratio was 100%. However, when the silica fume was used by 10%, the compressive strength was improved and the porous concrete demonstrated strength characteristics similar to those of plain porous concrete up to 50% of recycled aggregate mixing ratio.
(2) The marine organism adhesion capability of the porous concrete was far greater than general concrete for all experimental conditions. In the case of the influence according to the characteristics by related factors, the marine plant adhesion capability increased as the void ratio increased. However, when the void ratio was more than 20%, the tendency of the adhesion capability increase slowed down slightly. When the specially treated granular fertilizer was mixed into the concrete, the performance was improved by up to 21%. The adhesion and inhabitation capability of small marine animals also showed the tendency similar to that of marine plants. In addition, it was found that the mixing ratio of the recycled aggregate had little influence on the adhesion and growing characteristics of marine plants and small marine animals.
(3) From the study results as above it can be thought that the optimum void ratio of the porous concrete and the degree of utilization of recycled aggregate for the restoration of marine ecosystems are 20% and 50% respectively, and that the optimum mixing ratio of the specially treated granular fertilizer as an element to improve the growing ability of marine organisms is 20%.
